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R1038DispatchesHuman Genetics: Pre-Columbian Pacific ContactLarge-scale genetic analysis of the native inhabitants of Rapa Nui (Easter
Island) reveals the expected combination of Polynesian ancestry with later
European admixture, but also a contribution from Native Americans dating
to 1280–1495 AD, demonstrating early trans-Pacific contact.Figure 1. Ancestor Figure (moai kavakava).
Sculpture of a Rapanui ancestor figure,
dating to the 1830s, a time when the native
population was dwindling. Image: Wikimedia
commons.Chris Tyler-Smith
Humans inhabit almost every continent
and island capable of supporting them,
and the history of how our ancestors
reached these places has an endless
fascination for us. But one place stands
out above all others: Rapa Nui, located
in the Pacific and one of the most
remote islands on Earth. When Dutch
explorers led by Jacob Roggeveen
searching for a hypothetical southern
continent arrived on Easter Day 1722,
they encountered thousands of
inhabitants, a few of whom they killed
or wounded, and the enigmatic giant
statues that the island is famous for.
They named it ‘Paasch-Eyland’ or
‘Easter Island’. They thus set the scene
for centuries of speculation about the
origin of these inhabitants (Figure 1),
the Rapanui, a question that geneticists
now consider to lie within their domain.
A paper in this issue of Current Biology
[1] presents the most detailed
genetic analysis of the Rapanui so far,
and for the first time unambiguously
identifies Native American, as well as
Polynesian, ancestry dating to the
period before European contact.
Supporters of the generally discounted
claims of Thor Heyerdahl for the
importance of an American influence
on Rapa Nui [2] might therefore
wonder if his ideas are now vindicated.
We will see that the answer is
‘probably not’: ‘discovery’ of the
Americas by the Rapanui is more
likely than the opposite. Trans-Pacific
contact with America, like
trans-Atlantic contact during the
Viking period, was clearly an important
factor in human affairs well before the
European colonial era.
After 1722, the fate of the Rapanui
was a well-documented continuation
of abuse by outsiders and internal
conflict, adding up to one of the most
tragic episodes in human history.
Among the low points were the
Peruvian slave raids in the 1860sduring which over half of the Rapanui
population was kidnapped and
enslaved. When the survivors were
repatriated, they carried smallpox
with them, while tuberculosis was
introduced by whalers and
missionaries at around the same time,
leading to devastating epidemics.
By 1877, there were only 111 survivors
[3], who are the sole native ancestors
of all later Rapanui. While their
numbers have increased since,
the Rapanui now form a minority in
the current population of the island,
greatly outnumbered by later
immigrants.
The earlier history the Rapanui,
however, is less well understood. After
much debate in the twentieth century, it
is now generally accepted that the first
people to colonize Rapa Nui were
Polynesians during their great
expansion 1190–1290 AD (Figure 2),
which also reached Aotearoa (New
Zealand) and Hawaii [4]. Support for
their Polynesian ancestry comes from
archaeology, as well as cultural and
linguistic links [3] — the Rapa Nui
language, for example, is a member of
the Polynesian language family — and
also from genetics. Early genetic
studies examined a small number of
individual loci. For example, ancient
mtDNA from 12 pre-contact Rapanui
bones was typical of Polynesians [5],
and among 48 Rapanui samples
collected in 1971, the mtDNA was
Polynesian, while the Y chromosomes
represented a mix of likely Polynesian
and European origins [6].
There were, however, several hints
that a Polynesian origin was not
the whole story. Most compelling is
the case of the sweet potato. This
important food plant is native to South
America, but not Polynesia. Yet, there
is strong archaeological evidence for
its presence in Polynesia, including
Rapa Nui, before European contact [7].
As it could not have reached Polynesia
by natural means, it must have beentransported by early humans. In
addition, previous studies of Rapanui
HLA alleles identified alleles that were
otherwise largely specific to Native
South Americans [8]. Their presence
alone did not show at what time these
alleles reached Rapa Nui, although
genealogical evidence indicated a date
before the Peruvian slave raids in the
1860s. In the last few years, the power
of genetic analyses has increased
enormously, and these intriguing
possibilities called out for re-analysis
using more up-to-date techniques. The
current study by Moreno-Mayar et al.
[1] now provides this.
The first requirement of such a
genetic analysis is, of course, Rapanui
DNA. Moreno-Mayar et al. [1] started
with 32 of the same samples as several
of the previous studies, originally
collected by Thorsby in 1971 and 2008.
Low DNA quantity and quality appear
to have determined the strategy,
making whole-genome sequencing
impractical, but permitting
whole-genome genotyping, which
provides less information but is
possible to perform on even trace
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Figure 2. The peopling of Rapa Nui prior to European contact.
Rapa Nui was initially colonized from the west by Polynesians around 1200 AD (red arrow)
during their last great period of expansion, which also reached Aotearoa (New Zealand) and
Hawaii. New evidence from Moreno-Mayar et al. [1] now shows that there was an additional
slightly later colonization from the east by Native Americans around 1340 AD (yellow arrow).
It remains unclear whether this was a one-way journey by Native Americans, or a return
journey by Rapanui, although the latter seems more likely.
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R1039samples. After careful quality control,
which included excluding closely
related individuals and those with
low-quality genotypes, just eight
Rapanui were left (along with many
samples from other populations
for comparisons). These samples
provided information from 654,452
single nucleotide polymorphisms
(SNPs) in the genome, the frequencies
of which vary between populations,
and were sufficient to provide major
new insights into Rapanui genetic
history.
The new data confirmed the
predominantly Polynesian genetic
background of the Rapanui, as
expected from the earlier more limited
analyses, as well as around 16%
European admixture, also as expected.
But there was a novel additional
feature: about 8% Native American
contribution, specific to the Rapanui
and not observed in any of the other
Polynesian populations examined. This
confirmed the finding from the HLA
alleles, but again did not itself indicate
when the admixture took place.
However, more detailed analyses of
the data were informative: in a mixed
population — here Polynesian, Native
American and European — each
individual is a mosaic of genomic
segments from each of these
ancestries. Over time, the
characteristics of the segments
change: they become smaller, as
recombination breaks them down;
also, a novel approach developed for
this study, individuals in the population
become more even in their proportion
of each ancestry. These approaches
revealed relatively long European
segments in quite variable proportions
between individuals, suggesting
European admixture just a few
generations ago, 1850–1890,
consistent with the historical evidence
and thus providing an internal
validation of the genetic approach. The
major interest, however, was in the
Native American segments. These
were shorter and more even in
proportion between individuals,
suggesting that Native American
admixture took place around 1340,
with a confidence interval of
1280–1495. This is a century or
two after the initial Polynesian
colonization, but well before European
contact, thus providing strong
evidence for migration(s) between
RapaNui andAmerica before European
contact.The authors provide the first of what
will doubtless be many speculations
about the nature of this contact. Was it
one-way, with Native Americans sailing
or drifting to Rapa Nui, deliberately or
accidentally, and staying there, mixing
with the existing Polynesian
population? Or was it Polynesians
sailing to America and returning with
partners? In either case, how many
Americans would have been involved,
and which part of America did they
come from? Was this the contact that
also introduced the sweet potato to
Polynesia?We do not yet have answers
to any of these questions. But as the
Polynesians were renowned for their
oceanic sailing skills, illustrated by their
colonization of Rapa Nui, Aotearoa and
Hawaii, while the Native Americans
were not, a Rapanui return voyage
seems more likely (Figure 2). Some of
the other questions can be addressed
in future studies, genetic and
non-genetic. Possible sailing routes
can be modelled [9]. Detailed
comparisons of the Native American
genomic segments in the Rapanui with
Native American populations from
South America can suggest a most
likely source, and their diversity may
provide information about the number
of contributors. Sequence data would
provide a better starting point for all
of these genetic analyses, and just
needs new samples. However,much information has been lost from
the modern population because
of its previous reduction to 111
survivors, and whole-genome ancient
DNA sequences should be a priority.
If early Polynesians or Native
Americans were voyaging across the
Pacific and populations were mixing,
are the Rapanui the only example? The
sweet potato had a pre-Columbian
distribution in Polynesia far beyond
Rapa Nui [7], demonstrating contact
that might have included human
gene flow. There are also other hints
from human genetics. Another study
[10] in this issue of Current Biology
involving several of the same authors
shows that two pre-nineteenth
century members of the Botocudos
Native population from Brazil are
genetically entirely Polynesian,
although the way in which these
individuals arrived in Brazil remains
unclear. Recently, a Y chromosome
haplogroup otherwise unknown in
Native Americans but typical of East
Asians was reported in two Native
Ecuadorian populations [11]. Was
this the result of direct prehistoric
gene flow between East Asia and
South America? Genetic analysis of
both modern and ancient samples is
reinvigorating thinking about ancient
Pacific travel and the next few years
will surely produce new and exciting
developments.
Current Biology Vol 24 No 21
R1040References
1. Moreno-Mayar, J.V., Rasmussen, R.,
Seguin-Orlando, A., Rasmussen, M., Liang, M.,
Fla˚m, S.T., Lie, B.A., Gilfillan, D., Nielsen, R.,
Willerslev, E., et al. (2014). Genome-wide
ancestry patterns in Rapa Nui (Easter Island)
suggest pre-European admixture
with Native Americans. Curr. Biol. 24,
2518–2525.
2. Heyerdahl, T. (1958). Aku-Aku: The Secret of
Easter Island (Chicago: Rand McNally & Co).
3. Hunt, T., and Lipo, C. (2011). The Statues that
Walked: Unraveling the Mystery of Easter
Island (New York: Free Press).
4. Wilmshurst, J.M., Hunt, T.L., Lipo, C.P., and
Anderson, A.J. (2011). High-precision
radiocarbon dating shows recent and rapid
initial human colonization of East Polynesia.
Proc. Natl. Acad. Sci. USA 108, 1815–1820.
5. Hagelberg, E., Quevedo, S., Turbon, D., and
Clegg, J.B. (1994). DNA from ancient Easter
Islanders. Nature 369, 25–26.6. Lie, B.A., Dupuy, B.M., Spurkland, A.,
Fernandez-Vina, M.A., Hagelberg, E., and
Thorsby, E. (2007). Molecular genetic studies of
natives on Easter Island: evidence of an early
European and Amerindian contribution to the
Polynesian gene pool. Tissue Antigens 69,
10–18.
7. Roullier, C., Benoit, L., McKey, D.B., and
Lebot, V. (2013). Historical collections reveal
patterns of diffusion of sweet potato in Oceania
obscured by modern plant movements and
recombination. Proc. Natl. Acad. Sci. USA 110,
2205–2210.
8. Thorsby, E. (2012). The Polynesian gene pool:
an early contribution by Amerindians to Easter
Island. Philos. Trans. R. Soc. Lond. B Biol. Sci.
367, 812–819.
9. Fitzpatrick, S.M., and Callaghan, R. (2009).
Examining dispersal mechanisms for the
translocation of chicken (Gallus gallus) from
Polynesia to South America. J. Archaeol. Sci.
36, 214–223.10. Malaspinas, A.-S., Lao, O., Schroeder, H.,
Rasmussen, M., Raghavan, M., Moltke, I.,
Campos, P.F., Santana Sagredo, F.,
Rasmussen, S., Gonc¸alves, V.F., et al. (2014).
Two ancient human genomes reveal Polynesian
ancestry among the indigenous Botocudos of
Brazil. Curr. Biol. 24, R1035–R1037.
11. Roewer, L., Nothnagel, M., Gusmao, L.,
Gomes, V., Gonzalez, M., Corach, D., Sala, A.,
Alechine, E., Palha, T., Santos, N., et al. (2013).
Continent-wide decoupling of Y-chromosomal
genetic variation from language and geography
in native South Americans. PLoS Genet. 9,
e1003460.
The Wellcome Trust Sanger Institute,
Hinxton, CB10 1SA, UK.
E-mail: cts@sanger.ac.uk
http://dx.doi.org/10.1016/j.cub.2014.09.019Fertility: The Role of mTOR Signaling
and KIT LigandActivation of a limited pool of diminishing ovarian follicles determines women’s
reproductive lifespan. A recent rodent study describes the role of mTOR
signaling and KIT ligand in granulosa cells of primordial follicles for follicle
activation and for reproductive lifespan regulation.Aaron J.W. Hsueh
Despite substantial prolongation of
female life expectancy from 31 years
of age a century ago to greater than
80 years in modern society, the
female reproductive lifespan remains
atw51 years of age due to the
gradual and irreversible decline
of the ovarian follicle pool and egg
quality with increasing age. With
the delay of childbearing to greater
than 30 years of age in developing
countries due to career decisions,
wide contraceptive usage, and
postponement in marriage age,
many women are facing infertility
issues. The likelihood to conceive
per cycle for a woman at her prime
reproductive age isw25%. Based
on the 2012 report by the American
Society for Reproductive Medicine,
the likelihood of conception per cycle
for a woman at 30 and 40 years of
age drops to 20% and less than 5%,
respectively [1]. Among diverse
factors, the most important factor
determining infertility or subfertility
in women is exhaustion of the
residual ovarian follicle pool. A new
study by Zhang et al. [2] reported
in this issue of Current Biologynow shows the important roles of
mTOR signaling and KIT ligand in the
regulation of the ovarian follicle pool
size.
Mammalian ovaries consist of
follicles as basic functional units.
Follicle development starts during
fetal life when primordial follicles
are formed. Oocytes in these follicles
have entered meiosis and are
arrested in the diplotene phase of
meiosis I. Although women are
endowed withw800,000 primordial
follicles at birth, most of these
follicles remain dormant during their
reproductive life and only about 1,000
of them start to grow each month,
with only one of them reaching the
final ovulatory follicle stage [3].
Mature oocytes released by the
single preovulatory follicles are needed
for fertilization and pregnancy. Some
primordial follicles remain in the
quiescent state for as long as 50 years.
However, untimely over-activation of
dormant follicles and decreases in
follicle pool size due to environmental,
genetic, and other factors leads to the
early exhaustion of the follicle pool and
shortened reproductive lifespan. Thus,
elucidation of mechanisms underlying
dormant follicle activation is one ofthe most important topics in female
reproduction.
Using in vitro cultures, mutant
animals, specific inhibitors, and
passive immuno-neutralization
approaches, a number of factors have
been found to be important for
primordial follicle activation, including
KIT ligand [4,5], neurotrophins [6],
BMP7 [7], BMP4 [8], vascular
endothelial growth factor [9], and
others. Although these findings
suggest the involvement of an
overlapping and redundant group of
extracellular intraovarian factors in
primordial follicle activation, the exact
physiological factor(s) involved in the
activation of a select few primordial
follicles at a given time is poorly
understood.
Primordial follicles consist of an
oocyte surrounded by a layer of
flattened granulosa cells. In a chicken
or the egg dilemma, the oocyte has
been favored as the initiator of
primordial follicle activation because
many studies demonstrated the
important roles of oocyte genes of
the PI3K (phosphoinositol-3-kinase)/
AKT and mTOR pathways in primordial
follicle activation [10]. However,
the well-characterized type I
blepharophimosis/ptosis/epicanthus
inversus syndrome (BPES) in
patients with FOXL2 mutations is
characterized by premature ovarian
failure showing early menopause [11].
Because FOXL2 is expressed
exclusively in granulosa cells [12],
these somatic cells likely play an
important role in primordial follicle
activation.
